Abstract -During the last twenty years diffusion coefficients have been primarily measured by light scattering and NMR techniques. Optical interferometric techniques, such as those of Gouy or Rayleigh (ref. 1). allowing direct observation of the time evolution of a diffusing boundary are not very popular at present. However, they are the only ones that give a reasonably accurate measurement of the set of (n-U2 diffusion coefficients describing the brownian transport process in a multicomponent system. Experimental data on a variety of ternary systems indicate some aspects of diffusion in multicomponent systems: (a) The thermodynamic stability conditions: (i) 
INTRODUCTION
The aim of this paper is to illustrate briefly some results of the research on brownian diffusion in ternary systems our group has been conducting at the Chemistry Department of University Federico I1 in Naples for several years. Its main purpose has been the understanding of the phenomenological role the presence of one component has on the transport process of the others. The phenomenological diffusion theory proposed by Onsager (ref. 2) describes the transport process in an n-component system by a set of n generalized Ficks equations: However, neither the n concentration gradients nor the n flows are all independent. The relation among concentrations is: n -
(2)
2 V i C i = 1
In the absence of pressure gradients, this leads to:
where Qi is the partial molar volume of component i , are two lenses that give the wurce image in F. Light passing through the diffusion boundary , where a vertical gradient of refractive index is present, deviates to form the source image at different levels in F. Light deviation Y, in F. is given by Y = ab(dn/dx), where dn/dx is the refractive index gradient at level x into the dflusion cell. Light wave fronts R and P, passing through the diffusion boundary at different levels, but joining in F. have different optical paths and interfere on the focal plane F to form a fringe pattern.
The relation between flows arises from the continuity law and depends on the reference frame chosen to describe the transport process. Experimental free diffusion measurements choose a uolurne-jked reference frame defined by the following relation(ref.
3):
P being the local velocity of a volume element of the solution I Sometimes it is preferable to describe the flow process in terms of the diffusional velocity of each component ( u = Ji/Ci) with respect to that of component n, generally assumed as the solvent:
where J i are the flows in the fured-solvent reference frame, J n being zero by definition. A set of n-1 independent equations with a set of (n-112 independent coefficients, is obtained by introducing eq.(2) into eqs.(l) :
Onsager suggested the following arbitrary relations to define the n2 coefficients D4 :
eq,( 6) includes the relation: ( 7 ) = o A further reduction of independent coefficients arises from the presence of Onsager reciprocity relations. However, their use requires knowledge of the thermodynamic properties of the solution, and this is very limited in multicomponent systems. Experimental techniques, such as the Gouy interferometer (ref. 1) used in our research (see Fig. 1 ). give the (n-112 diffusion coefficients of a n-component system, at one mean concentration, from the analysis of the diffusion patterns of at least (n-1) diffusion runs with varying concentration differences of their components through the diffusion boundary. This technique has so far been employed only in the investigation of three component systems.
CHOICE OF COMPONENT n (the solvent)
In a 3-component system, equations (5) reduce to:
and four diffusion coefficients can be measured experimentally.
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The flow of component 3 is obtained from equation (3): However, it must be pointed out that the choice of component 3. commonly defined as the solvent, is arbitrary. In general it is the most abundant or that weighed last in preparing solutions for diffusion measurements. Equations (8) can be written in terms of grad C1 and grad C3 or grad C2 and grad C3, as well. Depending on the choice of the concentration differences ( ACi and ACj) between bottom and top solutions used in elaborating the experimental results of diffusion runs, three sets of four diffusion coefficients are obtained. Let us define (Dij) As eqs. (11) show, the sucrose(1) -NaCl(2) -water(3=k) system has small cross diffusion coefficients, one of them is almost zero. However, things are quite different when NaCl is chosen as component k. The new (Dij)k set shows that the water cross diffusion coefficient is one order of magnitude larger than its main term. This indicates that water flows much faster in the sucrose concentration gradient than in its own, and that it can even flow against its own concentration gradient within the following concentration gradients:
The water behaviour, although hidden in eqs.(l l), is clearly shown only by eqs. (12) . In general, the cross diffusion coefficients cannot be ignored in describing the transport process. Large and positive Dij values have been observed in systems where the solutes tend to salt-out (ref. 4). Large negative cross-term diffusion coefficients can occur in systems with large attractive interactions between solutes (ref. [4] [5] [6] . The data shown in Table 1 confirm this statment. grad C3 < -7.53 grad C1 > 0 Table 1 collects the ( DiJ)k for the Acetic acid-Chloroform-Water system at various compositions, the data for all three choices of component k are given. It can be seen that if components i and j are water and chloroform (salting out effect) the cross terms are positive; if they are water and acetic acid (attractive interactions), the cross terms are negative. 
THERMODYNAMIC STABILITY CONDITIONS
Thermodynamic stability is ensured by the condition that any perturbation promotes an entropy absorption; namely, the entropy at equilibrium is a maximum; on the other hand, any spontaneous process occurs with a positive definite entropy production. For isothermal diffusion in an n-component system this condition is written as: The conditions for the quadratic expression (14) to be positive or zero are that all pii must be positive and all the other minors, bOth odd and even order, constructed on the principal diagonal of the determinant of Pik must be positive or zero. This condition is met by making the trace of the matrix of diffusion coefficients positive and the determinant positive or zero. In a ternary system:
The equality sign corresponds to the boundary between stable (or metastable) and unstable systems. In the phase diagram this boundary is known as the spinodal curve. Any solution whose composition lies within this curve is unstable and concentration fluctuations always promote a phase separation. The equality sign was confirmed in a set of experimental diffusion runs on the waterchloroform-acetic acid system (ref. 7) taken at various compositions approaching the plait-point, where the phase separation curve joins the spinodal curve; the results are shown in Fig. 2 . Conditions (15) do not require both main diffusion terms to be positive. Diffusion coefficients measured in a volume-fured reference frame may give a negative main term. This was found in the system shown in Fig. 2 . Table 1 collects the set of (Dij)k obtained choosing each component as component k in turn.
It can be seen that when water is chosen the chloroform main diffusion coefficient is negative in a wide range of compositions approaching the plait-point. 
DIFFUSION IN THE PRESENCE OF A BINDING EQUILIBRIUM
While the size and sign of diffusion coefficients for systems with high solute concentrations are only understood in qualitative terms at present, a more detailed interpretation of data is possible for dilute solutions in which significant fractions of solute monomer species have combined to form associated species. Let us consider a solution of monomer species A (1) and B (2) in equilibrium with a complex AE3 (3) according to the equation: (16) A + B = A B This is a quaternary system and diffusion eqs. (5) require nine coefficients, Dy* (i, j = 1, 2, 3). However, if we are dealing with a dilute solution of both A and B, the cross diffusion terms are expected to be small as compared to the main terms, and they can reasonably be ignored in the flow equations (5) . Furthermore, in the presence of a fast equilibrium, the mass conservation law: The inclusion equilibrium drastically affects the value of the cross diffusion term responsible for aminoacid (A) transport under the concentration gradient of cyclodextrin (CD). As can be seen from eq.(l9b), the near equality of Dll* and D33* is responsible for the very small cross-term diffusion coefficient D12, The crow-term Dzl tends to be large and negative because the diffusion coefficient D22* of the faster moving A is much larger than D33* for the CD-A complexes. In this case, if there is a CD gradient and no gradient of A, the negative D21 causes A to move uphill towards the higher concentration of CD. This is because a higher concentration of CD means a lower concentration of unbounded A . The transport of one component due to the concentration gradient of the other (passive transport) bears some similarity to the active transport that plays a substantial role in biological membrane processes. Passive transport may also be of interest in membrane processes, the presence of cross terms can in fact lead to conditions for which one component diffuses against its own concentration gradient or even its chemical potential gradient, under the driving force of the other one.
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GRAVITATIONAL INSTABILITIES i IN FREE DIFFUSION BOUNDARIES
In recent years, there has been a great interest in double dtJjiusiue convection, i.e. the convective motions which can arise in diffusive layers even if the top liquid system has a lower density than the bottom one. This phenomenon may appear in systems where at least two independent driving forces promote the transport process. Thus, it may appear in binary solutions when a temperature and a concentration gradient are present, or in isothermal ternary solutions in the presence of concentration gradients of two components (ref. 11 ). An example is the heat and salt diffusion that gives rise to fingering or layering in oceans. Fig. 3 shows the temperature and salt concentration gradient conditions that may promote the growth of two different convective mechanisms in salty water. Other examples include unwanted convection in lakes and solar ponds, rollover in liquid natural gas tanks, geology (crystallization a n d magma chamber processes), geophysics (mantle convection and vulcanism). astrophysics (inside stars at least 4 components may be involved in the process: angular momentum, heat, magnetic field, helium / hydrogen composition), metallurgy (morphology and crystallization). Free diffusion experiments can be performed in well-controlled conditions and have provided a n accurate way of testing the fluid-dynamics theories concerned (ref. 4,12-14) .
The profile of density (p) gradient through the diffusion boundary is given by the s u m of two gauss functions (ref. 15) . Its shape depends o n the AC1 and AC2 concentration differences of components 1 and 2 across the diffusion boundary, and on the diffusion coefficients. Two different kinds of instabilities were observed in free diffusion boundaries:
(a) A dynamic instability arising at the center of the boundary, even in the absence of density inversions due to the diffusion process [ Fig. 4 In this case convection tends to destroy the boundary and the process is similar to the fingering in sea water (Fig. 3 A) .
(b) A static instability, namely a density inversion, at the borders of the boundary, as shown in Fig. 4(1) . In this case convection at the borders of the boundary promotes its apparent overstabilization and the diffusion boundary keeps itself sharp and narrow much longer than expected from the diffusion experiment (ref. 16 ). This process is similar to the layering effect in sea water, shown in Fig. 3 B.
